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INIRALUMENAL DRUG ELOTING PROSTHESIS 
Background of the Invention 

1. Mis^j of the Invention 

This invention relates to methods for lessening 
restenosis of body lumens, aiid to prostheses for delivering 
5 drtigis to treat said restenosis* 

2. pescript i; on of th e Related Art 

Restenosis is defined as the enclosure of a 
pre^iou^ly dilated/ ^Jbiated/ or lased peripheral or coronary 
v^5^1* : It occurs at a rate, of 20-50% for each pf these 
10 : prpc^ number of variables (i.e. , 

y^&^^oe^ioii 0 ^ lesion length, etc.)- Restenosis may begin 
-•'i ^' ^i^tely' foliciwiTig an- angioplasty procedure, but ceases at 
th& eri^ There is hot a : 

cu^enfc has been ptoven to 

15\^;£i^ reduce it&Lis restenosis rate. 

recent.. .te.p^oi£bgy that - has. been : diev^l0^e((i : /:tiiat, , ; 
,.;•>. ;;a$k^s^6sV^e* • problem _ of ^rMst^noBi;^ is Inteiiyajsca^ar. • stjMi£$ . 
" ' "Ht^^^^ii^l^ii^ ^^i^.^tN* peraajiently*^ 

^ Vessels. The goal 

, ,tfc#& stents is : to provide a long-term "scaffolding" or 
- •••s.up|>brfe- ; ' tot the diseased (stenosed) vessels. The theory 

t&e vessel from- the. ihsicfe^: the 
- : y^skel, • not- ' ciSse; "down : qr, : restenoses • 0n£p|^uto^^y T 
25 initial .data from clinical steiit implants shows* ■ tjttii % £ i 
met&lM^^ not ^ignif iciahtly reduce the amount ^| 

^"restenosis. .-• .... V . : ;.j/;; : :V^r 

, l^y^.pharmacologie (biochemical) attempts have been 
made to reduce the amount of restenosis. v; All of these 
30 attempts have dealt with the systemia- delivery of drugs via 
oral or intravascular introduction. Very limited success has 
been achieved with this systemic approach. 

For drug , delivej^;:^ 
long period of time that pills and injections may not be the 
35 best mode of administration. It is : V<ery difficult with these 
:"/:V; ::: typ es of administration; to get ' constant drug del i very . [ H;g 
Through repeated doses-/ /--these drugs: :bfteh : cycle through 
cpxicentration peaks: and valleys, resulting in time : periods of 
toxicity and ineffectiveness. Thus, localized drug treatment 
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is warranted. 

The art described in this section is not intended 
to constitute an admission that, any patent, publication or / 
other information referred to herein is "prior art" with 
5 respfectVto ihisrinv^tion, unless specifically designated as 
such, in aad*t*bh, this section should not be construed to - 
nean that a search-Has been made or that no other pertinent , 
infbrmatSbn 'as def ined; in 37 C.F.R, § 1.56(a) exists. 

Tti' e»™=yy rtf . ;the: invention . 

TJtus invehtioh provides, prostheses which may be. 
.. •' ktik^^M^^^^^^. ^**fW-'*\*?* lumen wal3f : ; 
• adjacent ah area* hbbding treatment.. Most typically, the 

IS •' lumenvw^ Bay . 

restenbse. «o\levet, the methods and devices Of the invention 

^.^^^^^^^tM^.^*^'*^/-:^^*- including, ^ 
Vas deferens; ducts qf the gallbladder, prostate gland, .. 
. trach^-ironchus ana liver or any other lumen of the body; \ 

20 where medication i^^S^-^W^P^^-^^- .., , ' : -^r 
procedure.^; ^4 tp^flbn' applies, tb acute and- chronic ...... , ' f ■< 

closure or reclbs^ of body lumens. ^ J : 

.Tfae;prbsthe£fs> of the iawention.. include at leasfc^ v 
one drug which will release from the device at a controlled 

25 rate to supply the drug where needed&Jfiout ,|bb/ overkill of 
• sy&MAe. delivery;* The prostheses include m£ans for fixiS^f ^ 
the device in the lumen where desired; / The .p^bstheses may be 
completely biodegradable or may be bioabsorbable irt ; whble or 
in part such that the prostheses will be completely 

ib incorporated into the lumen wall as a result of tissue ; 
growth, i.e. endothelializatiohi .^tentatively, the.. 
prostheses may be biostable in which case the drug; S&/0C^: j| 

V . diffused out from the biostable materials in which it is - 

incorporated. 

35 •• : '''Th^^^^isis comprises a generally flexible 

tubular boay which is fixed against the lumen walls by a 
mechanical action. The device should not cause an 
appreciable reduction in the, lumen cross-section where 
■ inserted, conventional stent designs which provide an . , ,r: 
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expansion of the vessel are suitable, though not required'.. 
In all cases, the prostheses of the invention require the 
presence of an elutable drug compounded to the prosthesis 
itself. With conventional metal stents , the invention 
5 requires a drug-carrying coating overlying at least a portion 
of the metaLli. 

The drugs in thfc pr^^thesis: may be of any type 
which would be useful in tre^ingfiihe iiurien. In order to . 
prevent .Mstenpsis; in blood y^siseis^^ arid subsequent 

10 prolif eratxbn . of smooth muscle cells must be checked. 

Piatelett v a^regktidn and ladiiebiori cian Be controlled with 
antiplatelets arid anticoagulants. Growth factor and receptor 
blockers- and antagonists may ^stXtfe^Sw^o limit tlie normal 
' repair; [ge'dpohse. " .' ' ; /•.;"/ . 
15 !iKe ■■■ current' i^iveniliori cdiitimpl^es the usage of any. 

prosthesis which elutes dirugs ip^ily/tb treat a lumen . 
need of repair* Controlled yelfeias€i # , via a bioabsorbabl<e 
polymery offers to maintain ttfef dr^ level within the desire^ 
therapeutic range fbj?- the dura€i^-;4)iCf &jfc toeataent. Whfei&-> 4 
20 "stent" is referred to herein, it may include the classical 
definition of stents as they are used in intravascular 
applications. "Stent" used herein also includes any 
prosthesis which may be inserted and held where desired in a* . 
lumens v it ii^ludei> but i^ v 3^ot^ limited to, :^1ixu^^M.^p0<^ 
25 as those shown and described in U.S. Patent 4/886,062 ta, ^. i: :, 
wifctpr* : : .. 

•/Byief p>esc^ 

A detailed description of the invention; ^6;^ 
30 hereafter described ^ made to- the 

•\\drawiaig%. ;^;^ich:- : : . i^fi . • ' \ 

FIG. 1 is a greatly enlarged side view of . an 
' " \v^&»iifflienal drug-eluting prosthesis of the invention; 

FIG. 2 is a greatly enlarged side view of an 
35 alternative embodiment to the prosthesis df Fig;:: 1; <:.'f;\: 
FIG \3$':.%&& gre&tly enlarged fragment of the 
" embodiment of Fig.l; 

FIG. 3B is a greatly enlarged fragment of tKie 
embodiment of Fig. 1;; in which two layers of polymer are 
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present, each having a different drug; 

FIG. 4 is a greatly enlarged fragment of the 

embodiment of Fig. 2; 

FIG. 5 is a greatly enlarged microscopic 
5 fragmentary detail of drug shown eluting f rom the porous 
structure of a filameiit: ©^ filament coating in a . prosthesis 
' into tissue or the' ^veisel^lume^ -• / . y.\-.^ ; [, . • V v..j/V / . 

FIG.. 6 isv af^^eatly^^hl^rged- c'r : QS^s;eeti6n . 
blood vessel showd^g'^Ia^^rc-fiie .i^d^eiy ^posth balloon 
10 catheter dilation proeedt^e,*: • 

FIG. 7 is ; a greatly enlarged cr^s^s.^^^on of the 
' ^subject of Fig. 6; at ^'l^^'d^e>.sh^n^. res^pn|>si^f ; . 

• ^blocid. yesfeei: •• ': 

'l^J.^^t^rbsthesis #^^Pf'-'P^^^|Ur? '.'/=;• i- 

fig* ,g ; 'is'^'^'#'atiy -\ 

• FlG*' ; $ci/-isj^ 
perspective view bf Vessel . ^|l;:^^6st^ef is<- 

26 f ilament of Figs, 1 ^oi.^^#iate^ : ^^ ii^ikatioh;; , 

FIG. II '-is 'a. greatly, eril-arggd fragmentary 
: perspective view ^;|^-^|l|eet ^:f*gi. l$#fcer>^but: brie: . ■ 

FIG. -1? : is % greatly enlarged 
25 weave of prosthesis f ilaments ; « 

FI ; Gv...l3 l#tm-'&&ik$1t$ fragment o'| .a>^£tf||; 
■■V^ : ±e^{:^BMent in a loose weave; 

FIG. 14 is a greatly 4^^^|af^a#'ent of a melted 
junction weave of prosthesis fil|||l|s in a loose weave; 
30 . FIG. 15 is a greatly enlarged fragment of a kinked 

.goto junction weave of prosthesis filaments ; 
i^ry^^D FIG. 16 is a greatly enlarged fragment of multi 
-^strand weave of prosthesis filaments; and 
.;>;* ; ^'V^ 'fig. 17 is ah alternative embodiment' to Fig 16, in ^ 

are not woven. - ' •. 



****** Yin: :o* the < l»t!ef Srred s i^odimehtfs: 








Restenosis ':' ■:. 



In the sujmaxy :t 

restenosis was given- As a complement to this definition/: 
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there are several wore clinical definitions. Several of 
these definitions are listed below: 



1. Loss of at least 50% of the initial gain achieved in 
5 angioplasty. 

2. Decrease of at least 30% in the lumen diameter 
compared to post-angiopiasty result. 

3. A return to within 10% of the = pr^^bippiasty 
diameter stenosis. 

10 4. Ah immediate post angioplasty ^amiSter :stenps£s/&£ : V 

less than 60* that increases to. 7.0$ or gj^iat^r at follow^tip^ 
•j6... Deterioration of 0 • 72 mm.' iij/:.^^ma : i, _ luminal ^ 
■ diameter -or- .^r^ater from post^a^tipp^a^^^a: f bliow^tip . : f : 
7. As for 6, but with &: Gtefcegj^ . 
15 These definitions are used by cardiolbgiits to clinicallj|^- , 
(angiogrkphicaily) define restenosis* • 



20 



25- 



30 



./sieyej^al .hypotheses exist oiy>rt^^ 
occurs. The cftjrent, most widely ^ 

' that . resfceiTOsislis. .a" natural -he^iiig- ^'^MP^^^^M 
the arterial iJijury that occurs du^^,.-»ll ; types of 
angioplasty procedures . This viety- 'Gj^pi^:^k^^^\'PfP&^^ ? : 
results in intimal hyperplasia, more ##iei^|c^iy mi^atifh. f 
and proliferation of medial smooth muscle cells (SMC) . 
problem, ^s^dq^ated with this -ax^j^^^^^^^f^^e&a--. i%;^a|i 
•in /: ^ it does not ,shiit' ;bff • . The artery 

continues to "heal" until, it becomes occluded. It should be; 
: S6jtfea.- V that restenos^fi^ plaque- 
like cholesterol material that originally occluded the 
.;-aii|e3|yJ 



HI 




The following is a possible scenario for restenosis 
35 accoi^aing to ^the>yessel healihg\ Hypothesis; successful 
angioplasty of stenotic legions produces cracking of the 
plaque, dissection into, the medial 
of exjdbtoeliii cells, eixrposure of throt^^ 
"* released*' 'tissue :; :: thrpmbopiastin # . anci an? .l|iie^eise# loss;- og v -^JZ 
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■ protacyclin production. All of these lead to the-' aggregation 
of active platelets. 

Figs. 6 and 7 show a typical vessel 30 in cross- 
section after angioplasty procedures showing the interior $2' 
5 of the lumen. In Fig. 6 the interior of the lumen is rough ■ 
and includes intimal flaps 34. Damage causes healing pick • 
deposition of platelets, fibrin formation and proiifer#ik?iv:: .-^ ; 
of neointima 37 which as shown: in Fig. 7 significantly v . 
reduces the interior of the lumen.. . 
jt 0 Activated platelets release several mitogens ; . ] y U : 

' including platelet derived ■growth -.factor Jv-.' 
• growth factor, and transforming- growth factor.; PD5? ;has J^j^fi ■ ' 
mitegenic and chemotactic properties and- 'thus; ;^};i^^c^;y^ 
bo^: migration of SMC f^ill^.M&lft "lajjer .-ft* 
i5 . layer as well as proliferation (intimal hyperpi&s|^} ;i : /f^|g'.~ 
ckuses SMC : proliferation by bojidingV to speci&i^ 
. receptors. Once the PDGF is bound to the receptors, , 

deoicyribose nucleic acid (D»A) synthesis occurs and ritew cells. / 
2*e replicated. Minor endothelial injury may cause platelet : ' 
20 adhesion and activation with the resultant *eie*se ef,PDG|^ 
Thus, even the deposition of a mpholayer of ,p^at^et|: '^y ^ .;• 
' •|^idient"-to- induce. SMC proliferation . • . 'r.'y-.t [[{■'/;'■:. ', VT^U'^ 
>?.;• : l^ee|^ : : arter iar' ittiiu^ 4 'w^cii ' is--y som^t^isv;:^ 

-assoct^elrwi^ 

' '2$ v ' : e^eri|iv^.. platelet deposition and actiya€idn which may cause . 
' ■ ■; * ;. ' .§:^h'--g^eatfr, Availability of the autogenic factors .... Thus , ,. 
• increased SMC prqiii^ij^>.<^;.i3i*l^ hyperplasia. 

Serial in jufcy, from -angioplasty may result in release of 
PDGF-like compounds .frpm r not only platelets but also 
30 macrophages, ^monoc^e^: 'endothelial cells, or 

■ th:emselyes-.. • " ;% 

*H Actiyaied SMC f torn hum4h • atheroma br.>- following ■ . :.?.%J* 
experimental arterial inqury secrete PDGF-liXe molecules 
35 which appears to lead to self perpetuation of' SMC 
. prolif eratioh by the release of th^ir\<^ P^SF^l^e . 

substances. Thus, any or all of the cells which can secrete 
• PDGF related substances tplatelif s , macrophages* monocytes, ; 
endbtheiia, and smooth muscle cells) may contribute to the 
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cascading effect of restenosis after angioplasty.: 

The previous restenosis scenario resulted from 
normal angioplasty procedures* During balloon angioplasty if, 
the balloon is undersized or not totally inflated. and the 
5 plaque cracking and extensive endothelial denudation does not 
occur the lesion would restenose. Rheologic factors 
contribute as well to the interaction between platelets and ; . 
tie arterial wall. Residual stenosis, resulting, from 
inadequate balloon expansion, produces a high : ideal : shear 
10 rate and enhances platelet deposition and activation. These ; 
stenoses may be important as a stimulus for some 
proliferation through enhanced platelet deposition: and 
•accretion of groi*th factors. This hyppt&es^^ 
, V the increased i^id£nt;£> of . restenosis;- ih:..;paii : j^^.\wi||h- hi^i#.| 
r/^ad^; residual • stenoses or transtenot ic : grad^ntjs^:; 1- . . . 

Prevehtioh of Restenosis 

; l |n, .order' ^jD^rivra^; .r^ienosiia,. oiie-'t i^t- ^th^: /.V 
2d proliferation of -OTpbth muscle cells* As stated earlier, 
this is a biochemical process which cannot fee triBated 
mechanically, several hypotheses exist-; 
bi<^enii^lly st • 

25 1. Rediice the adhesion and aggregation of , the platelets at|i 
the. 8^&&£a<l injury site^ ■ ■ 

2. • •• ; : ;Mock : Jthe"expression- -of' the^groW^vfaqt^s- : aur^| ^the^ : :-^j 
receptors. 

3. Develop competitive ajitagonists.V.of the above growth 
3 0 f act or s . . ; • £| V : : 

4. Interfere with the receptor signaling in the responsive 

V • 'I " . : \ •■■ •;. - • • ,,. ,.; . : ' <}■ . •• -} Vfil 

J-W'..; : - -^ind. a v 7$f£^ i^ W 

^ ; .I: ^ ' " ; ;p-v:,- ,. : ^ \ ■ [ V> * ^ ; ^ ! 

I temt # 1 i&l- dif eetiy " related- to t^',fS^a^0h : ; of ; 
thrombus, a major problem with: all types of angioplasty 
ptoSeduires. Items #2 , #3,, and • |4 are' ciosely% 
••••• ' deal with blocl^hg^ reistehpM the ^^'sive' cell 
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migration and replication cycle. Unlike item #1,- these items 
address the growth factors that are produced from sources 
other than platelets. Item #5 is listed to address the 
question, why don f t the 50-80% of the people who don't 
5 restenose, restendse. There may be some type of natural 
inhibitbr that these people produce that stops the 
proliferation of smooth muscle cells... 

There are at least two (2) different ways to 
10 prevent the adhesion and aggregation of platelets* One 
method' is to use an antiplatelet and another is to use an 
ainticOai^l^ritv/ t . -r 

^•^^^•i^afcettt- drugs •inciude X: j4rogs- such as aspir&ri^r: r ;i 
and dipyMfiNmole* Aspirin is classified as an analgesic:/ ^ 
15 antipyreiic ; r anti-inf lammatofcy, antiiiiatelet drug. It has 

b£eri cl^^cally tested and proven to tfeduce the risk of , •. ,[ 
sudden death: and/or non-fatal reijif atctipii in post myocs*<iif§ 
infarction (heart attack) patieinfcs* The proposed mechaniiSm 1 
•of> hw :v jasp relates ^kx^c^I^ tb( the platelets. 

20 somehow blpcdcs this platelets, resiitfi&^iiig coagulation. Thlisd, 
prevent the cascading platelet aggregation found in thrombus 
arid restenosis' Aspirin is therefore a possible restenosis: 

that hats ^ti^platelet characteristics • Dypridimple is* 
25 •aiso:;^dla^ii^e(l. &s: ,a- coronary, vasp^latd£. ■ it increcus^isi'v 

corona^ blood f^o]5f by primatey. sq$e^ive- dilatation of ,t6<^V. 
coronary arteries without altering systemic bJ.ood pressure or 
blood flow in periphjeral arteries. Th&sfc vasodilation/ 
characteristics are thought to be possibly beneficial for ' 
30 '.'restenosis prevention. ; : m l/Jy.?'^ 

Anticoagulant drugs include Heparin, Coumadin, 
Protamine, and Hirudin. Heparin is the most common . 
• ^^ritiqbagulant used; : today^y r i^arin , in -one; : . : : f orm^; or Another , 
3-5 $&»..x^g0 ini-yirtually- every ' ahgiopiasty procedure •. p<2&£ o^ed^-^ 
All four (4) of these drugs function as an anticoagulant by 
preventing the production of thrombin, a binding agent which 
causes ^oc^^^'evot. This too, may reduce t^i c^scadii^ 
effect of . platelet aggregation at the lesion site, thus ':' 



possibly reducing restenosis. The use of Protamine in the 
presence of Heparin causes the Protamine to function as a 
Heparin antagonist, blocking the effect of the Heparin. 
Protamine, however, used alone, acts as an anticoagulant. 
Hirudin is singled out because it is not normally found in 
the human body. Hirudin is a drug that is found in the 
salivary glands of leeches. It is a very concentrated 
anticoagulant that functions in. the same manner as Heparin, 
Coumadin, and Protamine. 
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There are several . types of drugs that interrupt 
cell replication, Antimitotics ( cytotoxic agents) work 
directly to prevent cell: ©itosis; (replication), whereas , 
antimetabolites prevent deoxyribose nucleic acid (DNA) 
IS-'' synthesis, •thus..prBy^%|ng ; \^piicatioh. The. action-: of.: the . 
antimitotics and antiii4tab*'oii.ties- ' are so similar ,:, they; will be 
; ^ui|edv into one category. This category will be ; known a| , _ . \ 
1&<e- A anti*- replicate drugs? , * 

$0 Anti-repiicate drugs Include among otfc*r«« , 

tfetholarexate, Azathidprine, vincristine, VinBlastine, 
Fiuorduracil, Adraaitf ciij, and Mutamycin. The target systemic 
molarity desired with mel^o^rekate is on the order .of 10 M 
'■ with a range of between 10*? to 10" s Molar. Locally^ the ... 
25 molarity of the dfe^^^v^JSa^j^^ Wialdft, ■whl?h3s ©he Of : 
the great disadvantages in systemic administration of the 
drug. When drugs are delivered locally vik:..^.-'prosthesis of 
the invention, they may be at therapeutic levels at the 
'|:S;ft^^^^d site while at the lower limits of detectability in 
■30 ; ^^eV bloodstream.^ g 
local treatment of a lumen that the; 
^ .detectable in blood samples, 

If the restenosis process ranges from immediately 
after injury to about 4 months later, then. the generalized 
35 elution rates contemplated are that the drug should start to 
be released immediately:-- after -.the .'prosthesis, is secured, to 
the lumen wall to lessen cell proliferation. The drug 
should- then continue to elute for about four months in total. 
Complex systems of drugis may be carried by the 
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prosthesis. An anticoagulant or antiplatelet maybe included 
on the outermost surface of the device in order to elute off. 
very quickly for. the first several weeks. Antireplicates can 
be formulated into the device to continue to elute later, 
5 when in contact with non-blood cells after neointima 

overgrowth has surrounded the device. This usually occurs in 
about two weeks. The drug elution rate does not need to be 
uniform, and may be tailored to fit the need of the patient. 

10 Prosthesis f Stent) Pegjgn 

The ciirrent invention cbritempiates ; the usage of any 
prosthesis which elutes io^J^t£^**t; •« lumen in 

need of repairv When "stent" is xef erred to herein, it may 
. 15 include the' classical; definition 'bf^stfen^:'as.-^6y are. used ■■' 
in intravascular >^ ^St^nt" j&ed herein also 

includes a^p^sth^isf which may b>e-, inserted and held where 

••'pigs-ii. 1 through 17 show features' :of some of the 
20 prostheses which may be used to carry ahd- elute restenosis 



.^e/ejur^ehl^.p^ [■ 
. cot^is^i^'bt.^v^^i^e: .^^i^^^iti^^ design 
as shown in f ig|- lr There are sixteen filaments 12, 

25 ••• eight (8) of wl&ch axfe wound £n bne heHip^' |lirecfion , and 

the remaining eight (8) which are wound ih the opposite ;| 
■ y: M. -di^ction. , The stent 10 is self -expanding to a predetermined 
diameter^ The . profile: (diameter) of -i the stent 10 can . be;:^|| 
easilyjl^duced by pulling the stent 10 loi?f|p||:inally .. In 
30 tJiis reduced profile configuration, the stent 10 can be 
loaded into a catheter for delivery into the Vessel*. . .>, 

" ■ The stent 20-' sh^wh( in X*&p^p;a#eL: 4*. is: a ;: gallic.? 
• .. ralleab^e^esign which may be forced againsy% lumen wall; by ;■ 
a balloon catheter which fixes it into position. The 
' 35 '■" e^erioi: surface of ti<metai ^filaments : 22; would- \ in^ud6y^|g| 
coating 14' with a* drug-eluting polymer described previously. 
The polymer may be biostable Or bioabsorbable. If biostable, 
, the drug would diffuse out of the polymer. .'; ;' 



of Figs- 1 and 2 show that the prosthesis of the invention 
must be secured against a lumen wall and must carry a drug- 
eluting polymer. 

There are many variables in the design of stent .10. 
5 The angle (a) of the filaments 12 is a major variable. The 
single a cah vary from 0 degrees to 18 Q degrees . The design in 
the Figures is based on an, angle in ^e .60 decfree to 90 
degree range. 

. There are many options for fabricating the drug 
10 elating stents.. One option is to h^ve all sixteen (16) 

filaments be drug eluting. Or, yoti -could have any ; number Of 
fiiamehts up to sixtefen (16) degrade; and elute drugs . / . 
Another option is to have a multi-f iiaxr, stent ; Instead of a 
single filament braided into the stents it is possible to j 
15 have two (2) ,. three (3.) .,. or even four (4) strands 16 braided 
to form a: filament 12 as shown ih f ig . i6 . This wpuid creaitfe 
-Va 'it^£\\^itih much- <jreatter ; e2*£aii^^ but .aliso '• hayfe:^c^ 

m^e m^^ial in the: surface .are&> :Thi£: is a common traded 
" ^ oik '^■siex)£ design. Similar to the ;sing]£-f i|ar de4^ r 
20 iulti^fiiar form shown in Fig, 16 could have varying numbers 
of strands 16 that are drug eiutihg ; . figs, 16 and 17 show 

(If / two {2h three (3) , or fc^ ^ 

be : iMpr^^ elute. 

25 Alternatively the pblymer may be bidst^lk Which .aiiows f or 
diffusion of the drug without degradation. 

' The stent 10 of ' Fig. 1 consists of a wound braided 

•^;';. :; ;'m : esh 

whose profile diameter can be greatly reduced for catheter 
30 introduction. The radial expansile force increases with 
> diameter to the point, of the self- expanded; ^i-dia^eter;. limit, 
at/Which point the angle between the filaments and the 
longitudinal axis is a maximum. Figures 12 through 15 show 
alternative construction techniques to alter the radial 
35 expansive force. Figure 12 shows the filaments 12 being 
\ woven without any connection. Figure 13 is similar except 
the filament 22 is formed with a metal core 16 and a coating 
14. -In Fig. 14 the individual filaments 12 are shown with a 
bonded juncture 18. The bonding at the junctures 18 prevents 
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the individual filaments 12 from sliding relative- to each 
other, which improves the radial strength. The mechanically 
kinked junction 19 shown in Pig.. 15 also limits the sliding, 
of the filaments to change the radial strength. A . heated = 
platen press may be pressed against the wound stent while 
Still on the forming mandrel to form the kinks* Higher : . 
temperatures may be Used; to form the- melted Junctures .Iff, ■ 

The devices, may be made more visible under 
fluoroscopy and x-ray by incorporating radiopaque materials 
into marker bands 24 to the individual f ilaments 12 at the 
ends of the stent 10 as shown in. Fig. 1. Such bands could. 
heij> to locate the stent; and assure proper placement anC . 

'•• » a »srirbai?1 ^ Pra4thesH:« ^fitentV Materials; 
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controlled release., via a bioabsorbable polymer, .;. 
offers to maintain the drug level within the d0sire£. . • 
•^^erap^rtic range &v:%e, o^tionof lie ^txe^ent, the/ - 
? case- cS stents, the;pros^esis materials w^ iai$tain ; ^ssel- 
20 'support for at least two weeks or until incorporated in^> the^ 
••^v^e^ -wall. Weh:- w^|ibaif ^r^le> ;bio;deg^a>^^o^^ //V 

'V;'' : \'^on'St^cti6ns^; : -y. : f '/S'/!:..' : -' : .- . i-Z/A^f-/ 

Several polymeric compounds that "^re jknoWh ,to?bf , ; . 
- ' ^absorbable and h^o^etica3ay have ^e,^abi|i1?y % be- drug : 
|| impregnated -may- be usef** in prosthesis/ formation |erei|^ ; . 
: . f^e "compounds inc*i*a|* rpSly^l^aO^ 
acid, polyanhydride,- and polyphosphate ester A brief 

description of each is given below. 

Poly-l-lactic acid/polyglycolic acid has been used 

30 for many* years , in the area of bioabsorbable sutures. It is\ 
currently : available in many forms, i.e., crystals,, fibers, 
blocks, plates, etc. These compounds degrade into non-toxic 
lactic and glycolic acids. There are, however, several 
; : problems with this compound. The degradation artifacts ;•; 

is- (lactic acid and glycolic acid) are slightly acidic. The ^ 
acidicity causes minor inflammation in. the tissues as the ..^ 
polymer degrades i- :. This same inf lammat^n/could be very - 
detrimental in coronary and peripheral arteries, i.e., vessel 
occlusion. Another problem associated with;. tHis polymer is 
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the ability to control and predict the degradation behavior. 
It is not possible for the biochemist to safely predict 
degradation time- This would be very detrimental for a drug 
delivery device. 

. 5 jmb^er ; compound which could be. used are the ..;/.--.■.;;;•;, 

./ ^pplyai^liS^n They. are : 'curren^y; : beirig:used with several;.^ -\ 

' ^'ch:ei<^rS/S^^ '.^ e • tr6 ^ e ^'^:'.^ hc ^ us : '^^^.t^M' ; ^0. 

• These ia^gsrarlvc^o^ded in the .pof yker 1 which is molded^ .;;.^£^§E.- 
' . into : ' a c^e^l^^;structure and surgically.; implanted at «tf& • 

'•10; tumor. ,#ite;»-. :-'..y , J>*y#??. 

#oiyanhydrides have weaknesses in their mechanical 

properties* due tp low molecular weights. This drawback 

• makes them : difficult ; to process into a f ilament • form.. ■ . ■ Alsb%^ r 

'■ p^ly ^hhydt ides have poor solubility, making characterization 

"'^V- 15 " and fabrication difficult. 

The compound which is preferred is a polyphosphate 
ester. i»^yj^oSphate jester is a proprietary compound which ? 
i*s currently being developed by Dr. Kam Leong at John Hopkins ; 
University (JHU) . Similar to the polyanhydrides, 
W^-^^'^i^^s^tB ester is being researched for the sole purpose 
, . of drug delivery . Unlike the polyanhydrides, the 

polyphosphate esters have high molecular weights (600,000 
average), yielding attractive mechanical properties. This 
high molecular weight leads to transparency; a^ and 
25 fiber properties. It has also been observed that the 

phosphorous -carbon-oxygen plasticizing effect, which lowers 
the glass transition temperature, makes the -polymer desirable 
• for fabrication. 

30 The basic structure of polyphosphate ester monomer is shown 
below. 

35 (-P-O-R1-0-) — 

where P corresponds to Phosphorous, 
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# 

0 corresponds to oxygen, 

and R and Rl are functional groups. 

Reaction "«S& water leads to the breakdown of this compound 
5 into ffi ohoBeric Phosphates (phosphoric acid) and diols (see 

• : below):v::/ ; - •*.__. 



10 



•(>rPrp>Rl-b-)-- + 

:■• Of.- 



HjPO^ + ROH + HO - Rl - OH 
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#:i^the %dro*ytic ins^iB^t or the : phosphorous es|^ > 
bohdt whicht ii^ces this^oiymer attractive for controlled; drug 
. ^eieasV applications^ A ^ide : range of controllable _ 
■ ^a^adatto rates can be bb^ed % adjusting the 
• .^.ifey||opo|i#i|« : of -the .^ap^bnes; 6* the polymersvand 

The factional side groups allow for the chemical 
linkage of drug, molecules to the. ppiyaer.. • • This, .i^i^hojnj' 

• '-'"."..below. , ' : " K&rtr&k 



25 



30 



35 



~- (-p-o-Ri^HCHf): — : :V. \- . 

C(O) 

s-:l"}. : : : iS-- '^V"^^'f.^ : .^-- " 'i: ^ " - ; 

drug 

The d^g iay also be incorporated- ihtof the backbone 
$£0th& polymer. . 
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— (-p^o-dnig-o-)-- 
I 

5 OR 

In sumjaar^ highly hydrolytically reactive 
phosphorous estet::b6nd^ !the favorable jshysical properties, 

. and the versatMS 

10 esters a si^eripr drug^del^e system for a prosthesis . 

'M \ Fig£^ may be;, 

made from one br i; several flayers of polymer . In Fig. 3 A only 
a ^^gl&r$6%f^$.. :3&^eg£#fe to carry the driigs. in Fig* 3B a 
second layfe* " oi^ifpl^e^''. £5" i& showru Tha^l$y4£< 15 , ? a y *? e a : 

15 siinpie barrier ;^ich iia^ts diffusion of drugs: M the polymer 
14. In that could elute out 

ipiediatel:y> wfiiie larger compounds would not elute until 
later when the layer 15 has biodegraded. Alternatively, 
layer 15 may inciud^ a dif f^Tient drug : incdzrebf ated therein \ \ 

20 from that' 'f6un4^ttf^iiy^ A 'l^', The barrier coatihg 15 could be 
as simple as: i&rMidi^om, or polyuiretiianei 

The : -$*^ :is,.':ins6irted- into tti^i^ 

needed as per the ttkua^ procSd^e f The device is 

25 fixed into place either by tadial expansion: in; devices such 
> as shown in Fig, 1 or are? deformed by a balloon catheter! M : 
the cks.e^ l'-\qt ijdeyices in accordance with Fig* 2. 




30 prosthesis tacks up any intimal flaps and tears caused by any 

prior ballooning. The initial deposition of platelets and 
:' : \\:-r^s^^^^i. thrombus formation 38 is cbril^iied^ 

by the stent design and the elution of drug which : limits 
platelet aggregation and other immediate repair responses 

35 described previously. Localized thrombus formations in the 
a^ 

underlying cpii^gen and f ibro-muscular tissues is. also 
decreased. This results in limited but quick neoihtima,': 
f oirmktion 40; arid intimal proliferation oyer iridiyidual stent • 
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filaments progressing to nature endothelial lining. Long 
term restenosis is therefore limited. Elation of the antl- 
replicates alone or in. conjunction with the initial elution 
of anti-coagulants can also limit the restenosis which occurs 

5 in the natural healing 

Whidi-this ;inyentxonvinay he v embodied in many .V 
different forms ;L&^e. : :are ^hp^^'th^l S^^® 8 and 
described- ^odiments^pf;.^ r 
the invention^ The present disclosure *s m exemplification ~ 

10 of the- : P ^ci|3Le^-of ^e^in^to^.a^:^ hot intended to . ^ 
lijuit the -i^h^ ; 
illustrated*^ - 

•' ' ^^-''e^i^t^t^-.^^S^^ of the preferred an# 
alternate ^dimentsof the indention* /Those skilled, in the > 

15 art may recognise dthe* eguivkle#s to the specif ic . . .. ; •• 
embodiment' desc^ihed herein Vhiih , e %iiyalents; are intended to 
• b^ encompassed by the claims a^^ed^heretO* . 
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* 

WHAT IS CLAIMED IS: 

1. An intralumenal drug^eluting prosthesis cbinprislrlg: 

a prosthesis having means for fixing said prosthesis to 
an interior of a luinen, said prosthesis being constrliGted and 
5 arranged such that at \lea£t/:a: ; poi^ion ; of ;H5he v e*#eiibf s^rfape 
of said prosthesis is fp£aMd. .f rp^;ife-;.|)bl:yia6i:' •in^b'-whi ; ^h--"a;- v .ayu§ 
which- . 1 imit s acute or : : ^chrbftic ' : c^|ure ■: is^^o^p^dedy ;' >; , 
■ 2. The prosthesis dff-G-i^ 

includes at least two se|liarafee-:^yfer's. of polyihers, eich of 
10 sa&d layers including a'&L^&r^&id^g-. compbxmdM^^^e^v. xj; 
3 . !Ph£. jirbsthesis of Claimr-i : ^^6iSi said d^ru^ is ^elecfe^ 
from the group consisting of antiplatelet drugs, 
anti^pagulaht drugs, aMi^iiif^^ ^^^t^^£t:(k: 
drugs' atiid combination^ , 5,, 

15 4^ The prosthesis o£ Claim i tirherein said polymer is 
bibabsor&able. 

5. The prosthesis of ^Ijaim ; >l : wherfein; said prosthesis is&^ ; 

s£i : f -expanding steirt. , \ : ;./ 
" ' 6. An intralumenal drug-eluting prosthesis comprising: 
20 ' -. -7J steriif ^ elastic'; 
: body , that is variable under axial movement of ends of the 

feody relative to - ^9f^Ei; - v ^^jfiias'i^ ;^ ^-6^31- ^ " 9^*91^^ b^ing comjpbSed ' o£l£ ;•. 

plurality of thread elements each of which is woven in a 
. :he$% ;cb^ liae. b^: : 5 ^^^^^^!!^ ^ 

/ / ;iq<SBD&i>n - >; 'said\ : ;fi;oaK^iicluding element^ (wbund in opposing 

helical directions; and 

said stent including a drug compounded into the outer 

surface of at least one of said 'elements. 

7. The prosthesis of Claim 6 wherein at least one of said 
30 elements iriSiiides several monofilaments; 

8. The prosthesis of Claim 7 in which the elements are 
• ; , monofilaments of a bioabsorbable polymer. 

9 > Th^ prosthesis of Claim 6 wherein said elements are 
formed from; a metal which is coated with a bioabsorbaLble 
35 polymer into which said drug is compounded* : 

10. The prosthesis of Claim 6 further including a barrier 
. coating over at least one of said elements into which a drug 

is compounded, said coating limiting the diffusion of the 
. , 'dpidg '-out : of " tlie- 'prost^eisis> •:' ••; ;".' : H.v'/' '[\' ' : ' 
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11. The prosthesis of Claim 6 wherein said drug is selected: 
from the -group consisting of antiplatelet drugs, 
anticoagulant drugs, antimetabolite drugs and combinations i 
said drugs. 

5 12. The prosthesis of Glaim 6 wherein said at least one of 
said elements includes an anticoagulant drug : compounded 
therein and at .least . on e element ' 
drug compounded: .'therein. 

13. A method fbr decreasing restenosis in ^ ^imai. lumen 
.10 comprising the steps of: 

(a) inserting a prosthesis compounded wi^h . at 4 ; east brie 
restenosis-limiting. drug into a lumen aVthe point where 

restenosis ma^obcriJJ?^ and ; '■• < 'Z-'Xh?) v:-*.*.'.-.- 

(b) : fixing said prosthesis to said lume|i such ijnat it 
15' will .stay rigidly; in piajee. ' 

14. . A method for tefeatihg V iumeri/in : 

■•' "treatment \'c^ 

(aj inserting a jirpsthesis •intp'"t^;^1^^4n^n^fed?:p.f 
20 treatment: at the area where treatment is needed, : said 
■ prosthesis being . dom^oVinde^- with at' ^e'^sfe.Piie-^^t^^#^g 

(by fixing said prpsthesis to s'ali; lumen sufcn^that. it v 
will stay where positioned. \-';; v _ ^ .^>; : 

25 ' " - . . ■ y , , /'. , "v. • • t -^^;"'\ ; ; fv^,^- :4t:- 

15. A ? method for limiting acute, or chronic, lumen closure in 
an ariim^ lumen comprising the steps of: > 

(a) inserting a bioabsort>able stent compounded with at 
.^^^.i^st'-pnc lumen closureHlimiting drug into a lumen at the 
'•'"•S;.gv ; ' point where closure may occur? 

(b) expanding said stent against the walls of the lumen 
to provide support to the lumen.; and 

(c) allowing said stent to naturally bioabsorb to 
provide a controlled release of said at l£ast one drug. 

35 .. - "' ■ ' . : . ., : v ' . : , : : " mm , 

- 16-; * An intraluminal drug-elut ing pro^the^sis: • jcompr is ing : 

a • ^eiieralfly • tii&ui^ having means, for • fixing:::, 

•'•'. •'siid^ to an interior of -a lumen, .said prosthesis 

•V'being constructed;' ^ a portion • 
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of the exterior surface of said prosthesis is formed from a^ ... 
polymer into Vhich a drug which limits acute or chronic /• >yl 
closure is compounded. 
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